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APPENDIX A
BORING LOGS
A.1 BORINGS

With our drilling subcontractor, Salisbury & Associates, Inc. (Salisbury), we explored the
subsurface conditions by drilling and sampling borings in the project area. Near the alignment,
we drilled and sampled nine borings, designated B-1L through B-7L and B-9L through B-10L.
Along the previously proposed upper alignment, we drilled nine borings, designated B-1 through
B-8 and B-11. Boring locations are shown in Figure A-1. Salisbury drilled the borings using a
Salisbury Viper difficult-access drilling rig, which is relatively light and portable and capable of
being transported in pieces by helicopter onto the steep, wooded slopes.

To advance the boring, a center core barrel is lowered by a wire line to the bottom of the hole
and locked into an outer core barrel. Both core barrels rotate in unison, grinding the soil and
rock. To remove cuttings from the bottom of the hole, water mixed with a polymer thickening
agent is pumped between the inner and outer core barrels, into the hole, and up through the
annulus between the substrate and the outer barrel to the surface. The inner barrel protects the
sample from the drilling fluid. Photographs of the core samples are included in Appendix B.

We collected core samples while drilling through cobbles, boulders, and bedrock. Core samples
are obtained by advancing the 1.65-inch-inside diameter (I.D.) dual core barrels, extracting the
inner barrel by a wire line, and tapping the sample out the top of the core barrel. We collected
split-spoon samples using Standard Penetration Tests (SPTs) while drilling in soil. SPTs were
obtained in general accordance with ASTM International (ASTM) Designation: D 1586, Test
Method for Penetration Test and Split-Barrel Sampling of Soils. In the SPT, a 2-inch-outside
diameter (O.D.), 1.375-inch-1.D. split-spoon sampler is driven with a 140-pound cathead
hammer falling freely through a height of 30 inches. The number of blows required to achieve
each of three 6-inch increments of sampler penetration is recorded. The number of blows
required to cause the last 12 inches of penetration is termed the Standard Penetration Resistance
(N-value), shown in the boring logs. The N-values provide a means for evaluating the relative
consistency (stiffness) of cohesive soils and the relative compactness or density of cohesionless
(granular) soils. A description of the N-values and how they relate to soil characteristics is
presented in Figure A-1.

The split-spoon sampler used during the penetration testing recovers a disturbed sample of the
soil. The samples were field classified and recorded on the hand boring logs by our field
representatives, sealed in jars, and returned to our laboratory
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A.2  HAND BORINGS

Shannon & Wilson representatives drilled ten hand borings, designated HB-1A through HB-1C,
HB-2A through HB-2D, HB-3A, HB-3B, and HB-4 to evaluate the near-surface subsurface
conditions along portions of the alignment and to collect relatively undisturbed samples of
recessional lacustrine clay for strength testing. Boring locations are shown in Figure A-1. The
logs for the hand borings are presented as Figures A-21 through A-29. The Unified Soil
Classification System, as described in Figure A-3, was used to classify the soils encountered in
the hand borings. The hand borings were augered by Shannon & Wilson, Inc. to depths of up to
about 8 feet below the ground surface (bgs) with hand-augering techniques.

We collected grab samples using a bucket auger while advancing hand borings HB-3B and
HB-4. The samples were field classified and recorded on the hand boring logs by our field
representatives, sealed in jars, and returned to our laboratory. HB-3A encountered a large cobble
or boulder at 1.5 feet bgs that obstructed auger advancement. We did not collect samples in HB-
3A and we do not present a log for this hand boring

Porter Penetration Tests (PPTs) were performed in hand borings HB-1A, HB-1B, HB-1C,
HB-2B, HB-2C, and HB-2D. The PPT consists of driving a 2-inch-O.D. split-spoon sampler a
total distance of 18 inches into the bottom of the boring with a 40-pound hammer falling

18 inches. The number of blows required to cause the middle and last 6 inches of penetration are
each equivalent to the N-value. When penetration resistances exceeded 50 blows for 6 inches or
less of penetration, the test was terminated and the number of blows and the corresponding
penetration recorded. The N-values were recorded by a geologist from Shannon & Wilson and
plotted on a log of the boring. The N-values provide a means for evaluating the relative
consistency (stiffness) of cohesive soils and the relative compactness or density of cohesionless
(granular) soils. A description of the N-values and how they relate to soil characteristics is
presented in Figure A-1.

The split-spoon sampler used during the penetration testing recovers a disturbed sample of the
soil. The samples were field classified and recorded on the hand boring logs by our field
representatives, sealed in jars, and returned to our laboratory.

Steel tube samples were used in hand borings HB-1A and HB-1C to collect relatively
undisturbed soil samples of recessional lacustrine deposits suitable for strength testing. This
sampling method employs a thin-walled, steel tube sampler connected to a sampling head and
rods. This technique consisted of using the 40-pound hammer to pound the steel tube (on the
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bottom of the sampling rod) into the soil below the bottom of the borehole, then retracting it to
obtain a sample. This method is only suitable for sampling of soft to stiff soil.

After the tube was extracted from the borehole, the Shannon & Wilson field representative
observed the ends of the sample, noted a preliminary soil description on the field log, and then
sealed the ends of the tube with plastic caps and tape to preserve the moisture content. Our field
representative carefully transported the sealed tubes to our laboratory in an upright position to
reduce soil disturbance prior to further examination and testing.
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Shannon & Wilson, Inc. (S&W), uses a soil
classification system modified from the Unified
Soil Classification System (USCS). Elements of
the USCS and other definitions are provided on
these three pages. Soil descriptions are based
on visual-manual procedures (ASTM D 2488-93)
unless otherwise noted.

S&W CLASSIFICATION
OF SOIL CONSTITUENTS

GRAIN SIZE DEFINITION

MAJOR constituents compose more than 50
percent, by weight, of the soil. Major
consituents are capitalized (e.g., SAND).

Minor constituents compose 12 to 50 percent
of the soil and precede the major constituents
(i.e., silty SAND). Minor constituents
preceded by "slightly" compose 5 to 12
percent of the soil (e.g., slightly silty SAND).

Trace constituents compose 0 to 5 percent of
the soil (e.g., slightly silty SAND, trace of
gravel).

Clean is similar to trace but is used when the
fines content is less than 5 percent of the soil
(e.g. clean SAND).

(Xxxx) Primary geologic unit interpreted from
soil samples.

DESCRIPTION SIEVE NUMBER AND/OR SIZE

FINES < #200 (0.08 mm)
SAND”_ Fine #200 to #40 (0.08 to 0.4 mm)

- Medium #40 to #10 (0.4 to 2 mm)

- Coarse #10 to #4 (2 to 5 mm)
GRAVEL*

- Fine #4 to 3/4 inch (5 to 19 mm)

- Coarse 3/4 to 3 inches (19 to 76 mm)
COBBLES 3 to 12 inches (76 to 305 mm)
BOULDERS > 12 inches (305 mm)

* Unless otherwise noted, sand and gravel, when
present, range from fine to coarse in grain size.

RELATIVE DENSITY / CONSISTENCY

COHESIONLESS SOILS

COHESIVE SOILS (FINE-GRAINED)

STANDARD PENETRATION TEST (SPT)
SPECIFICATIONS

N, SPT, RELATIVE N, SPT, RELATIVE
BLOWS/FT. DENSITY BLOWS/FT. CONSISTENCY
0-4 Very loose Under 2 Very soft

4-10 Loose 2-4 Soft
10-30 Medium dense 4-8 Medium stiff
30-50 Dense 8-15 Stiff
Over 50 Very dense 15-30 Very stiff
Over 30 Hard
WELL AND OTHER SYMBOLS

Hammer: 140 pounds with a 30-inch free fall.
Rope on 6- to 10-inch-dia. cathead

2-1/4 rope turns, > 100 rpm

NOTE: If automatic hammers are
used, blow counts shown on boring
logs should be adjusted to account for
higher efficiency of hammer.

Sampler: 18- to 30-inches long
Shoe ID = 1.375 inches
Barrel ID = 1.5 inches
Barrel OD = 2 inches
N-Value:  Sum blow counts for second and third

of three 6-inch increments.
Refusal: 50 blows for 6 inches or
less; 10 blows for 0 inches.

NOTE: Penetration resistances (N-values) shown on
boring logs are as recorded in the field and have
not been corrected for hammer efficiency,
overburden, or other factors.

Surface Cement
Seal

Bent. Cement Grout

Bentonite Grout Asphalt or Cap
Bentonite Chips Slough

Silica Sand §'{(\\v Bedrock

PVC Screen % Peat

Vibrating Wire

Index Galena Flood Repairs Project
Milepost 6.4 t0 6.9
Snohomish County, Washington
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UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)
(From USACE Tech Memo 3-357)
MAJOR DIVISIONS GROLFIGRAPHIC TYPICAL DESCRIPTION
Well-graded gravels, gravels,
GW grave?/sand r%ixtures, ittle or no fines
Clean Gravels
(less than 5% Poorly graded gravels, gravel-sand
i vels, gravel-
Gravels fines) GP mixtu)r/egs, little gr no fings
(mor? than 50%
of coarse
fraction retained . I
on No. 4 sieve) Gral\:/_els with GM Silty gravels, gravel-sand-silt mixtures
ines
than 12%
COARSE- (more_ Clayey gravels, gravel-sand-cla
GRAINED fines) GC R TA Y
(more than 50%
retained on No. SW Well-graded sands, gravelly sands,
200 sieve) Clean Sands little or no fines
(Iessf.thar)v 5%
ines, Poorly graded sand, gravelly sands,
Sands SP little grgno fines g Y
(50% or more of
coarse fraction
PaSSSSSié‘/}s)NO- 4 Sarl_lds with SM Silty sands, sand-silt mixtures
ines
(more than 12%
fines) sSC Clayey sands, sand-clay mixtures
Inorganic silts of low to medium
ML plasticity, rock flour, sandy silts,
gravelly silts, or clayey silts with slight
pIaSTICITY.
Inorganic
Silts and Clays Inorgt;anic clays of low to medium
(liquid limit less CL plasticity, gravelly clays, sandy clays,
than 50) 2z silty clays, lean clays
FINEé%?If\SINED Organic oL ] g\r/??)?e:\gtistlzlittil and organic silty clays of
(50% or more T
passes the No. Inorganic silts, micaceous or .
200 sieve) MH diat?_mat;l?ous fine sands or silty soils,
elastic si
. Inorganic
Silts and Clays // Inorganic clays or medium to high
(liquid limit) 50 or CH A [gllgg icity, sandy fat clay, or gravelly fat
more,
; / Organic clays of medium to high
Organic OH // plagsticity, or)éanic silts 9
HIGHLY- P ; ; e with i
Primarily organic matter, dark in Peat, humus, swamp soils with high
Oggﬁ_'\élc color, and organic odor PT organic contént (see ASTM D 442q7)

NOTE: No. 4 size =5 mm; No. 200 size = 0.075 mm

NOTES

1. Dual symbols (symbols separated by a hyphen, i.e., SP-SM, slightly
silty fine SAND) are used for soils with between 5% and 12% fines
or when the liquid limit and plasticity index values plot in the CL-ML
area of the plasticity chart.

2. Borderline symbols (symbols separated by a slash, i.e., CL/ML, silty
CLAY/clayey SILT, GW/SW, sandy GRAVEL/gravelly SAND)
indicate that the soil may fall into one of two possible basic groups.
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OTHER GEOLOGIC TERMS AND DEFINITIONS

MOISTURE
STRUCTURE CRITERIA CONTENT CRITERIA
Parting < 1/16" (1.6 mm) thickness Dry Absence of Moisture, dusty, dry to
Seam 1/16" - 1/2" (1.6 to 12.7 mm) thickness the touch
Layer > 1/2" (12.7 mm) thickness Moist Damp, but no visible water
Lamination < 1/4" (6 mm) thick, typically alternating Wet Visible free water, usually from
Pocket Irregular, discontinuous zone below water table
Clast An individual soil fragment
Bedded Arranged in layers ACRONYMNS AND
Interbedded Alternating layers ABBREVIATIONS
L Small kets of different soil t
Fensted ) Bmakp°° elscl) ' er” 'tSOII ypes ATD At Time of Drilling
fracured - Breaks easil long definie pancs COF  Controlle Density Fil
ickenside plg;]Sese , glossy, striated, fracture DM Dames & Moore Sampler
Blocky, Diced Easily breaks into small angular pieces dia. Diameter
Sheared Disturbed texture, mix of strengths Elev. Elevation
Homogeneous Uniform color and appearance ft feet
Mottled Irregular patches of different colors FeO Iron Oxide
Weathered Alteration of soil (e.g. discoloration, MgO Magnesium Oxide
softening, or pitting of grains) by exposure HSA Hollow Stem Auger
to the atmosphere D Inside Di t
Stringer Zone of soil with closely spaced, parallel . 'n3| © Diameter
to sub-parallel fractures in inches
Spongy Light weight, sponge-like feel Ibs pounds
Bioturbated Soil disturbance or mixing by plants or Mon. Monument cover
animals N Blows for last two 6-inch increments
Diamict Nonsorted sediment; sand and gravel in NA Not applicable or not available
silt and/or clay matrix i
NP Non plastic
ORGANIC CONTENT CRITERIA oD Outside diameter
Trace 0 - 5 percent by volume Oster. Osterberg Sampler
Scattered 5 - 15 percent by volume oW Observation Well
Abundant 15 - 30 percent by volume PID Photo-ionization detector
Organic 30 - 50 percent by volume PMT Pressuremeter Test
Peat/Wood > 50 percent by volume ppm parts per million
PARTICLE SHAPE  CRITERIA PVC Polyvinyl Chloride
Angular Sharp edges and unpolished plane RPM Rotations per Minute
surfaces SS Split spoon sampler
Subangular Similar to angular but with rounded edges SPT Standard penetration test
Subrounded Nearly plane sides with well-rounded T™W Thin-Walled Tube Sampler
edges usc Unified soil classificati
Rounded Smoothly curved sides and no edges nitied soft classification
Flat Particles with width/thickness ratio > 3 VWP Vibrating Wire Piezometer
Elongated Particles with length/width ratio < 3 WLI Water level indicator
WOH Weight of Hammer
GRADATION CRITERIA WOR Weight of Rods
Well Graded Full range and even distribution of grain
sizes present
Poorly Graded Narrow range of grain sizes present - -
. . . . Index Galena Flood Repairs Project
Uniformly Graded Consists predominantly of one grain size }
I o Milepost 6.4 to 6.9
Gap Graded Within the range of grain sizes present, . .
one or more sizes are missing Snohomish County, Washington
OTHER CRITERIA
Cuttings Material brought to surface by drilling CLASSIFICATION
Slough Material that caved from sides of borehole AND LOG KEY
November 2012 21-1-21116-031
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Author: cnt

Date: 01-20-2011

WEATHERING OR ALTERATION

STRENGTH

e | ROhS
Very Low <0.7
Low 0.7t04
Moderate 4t07
Medium High 7to 15
High 15to 36
Very High >36

DISCONTINUITY DATA

TERM DESCRIPTION
Fresh No evidence of alteration
Slightly Slight discoloration on surface
Moderately Discoloring evident;
Alteration penetrating well below rock surface
Highly Entire rock mass discolored
Completely Rock reduced to a soil with relict rock texture
JOINT ROUGHNESS COEFFICIENT (JRC)
COEFFICIENT DESCRIPTION
14 to 20 VERY ROUGH: Near vertical edges evident
10to 14 ROUGH: Smooth ridges, surface abrasion
610 10 SLIGHTLY ROUGH: Asperities on surface can be felt
2t06 SMOOTH: Appears and feels smooth
Oto2 SLICKENSIDED: Visible polishing, striated surface

DISCONTINUITY TERMS

FRACTURE - Collective term for any natural break
excluding shears, shear zones, and faults

JOINT (JT) - Planar break with little or no displacement

FOLIATION JOINT (FJ) or BEDDING JOINT (BJ) - Joint
along foliation or bedding

INCIPIENT JOINT (1J) or INCIPIENT FRACTURE (IF) -
Joint or fracture not evident until wetted and dried;
breaks along existing surface

RANDOM FRACTURE (RF) - Natural, very irregular
fracture that does not belong to a set

BEDDING PLANE SEPARATION or PARTING - A
separation along bedding after extraction from stress

SPACING
TERM SPACING
Very Wide >10 ft.
Wide 3 to 10 ft.
Moderately Close 1to 3 ft.
Close 2in.to 1ft.
Very Close <2 ft.
APERTURE WIDTH
TERM SPACING
Very Tight <0.1mm
Tight 0.1to 0.25mm
Partly Open 0.25 to 0.5mm
Open 0.5 to 2.5mm
Moderately Wide 2.5 to 10mm
Wide 10mm to 1cm
Very Wide 1to 10cm
Extremely Wide 10 to 100cm
Cavernous >1m

relief or slaking

FRACTURE ZONE (FZ) - Planar zone of broken rock
without gouge

MECHANICAL BREAK (MB) - Breaks due to drilling or
handling; drilling break (DB), hammer break (HB)

SHEAR (SH) - Surface of differential movement evident
by presence of slickensides, striations, or polishing

SHEAR ZONE (SZ) - Zone of gouge and rock fragments
bounded by planar shear surfaces

FAULT (FT) - Shear zone of significant extent;
differentiation from shear zone may be site-specific

Index Galena Flood Repairs Project
Mileposts 6.4 t0 6.9
Snohomish County, Washington
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SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

Total Depth: 50 ft. Northing: ~ Drilling Method: Core Hole Diam.: 2.in.
Top Elevation:  ~ 866 ft. Easting: ~ Drilling Company: Salisbury Rod Diam.:
Vert. Datum: NAVD 88 Station: ~ Drill Rig Equipment:  Viper Hammer Type: Cathead
Horiz. Datum: Project Datum Offset: ~ Other Comments:
SOIL/ROCK DESCRIPTION = |5 38 o . & | PENETRATION RESISTANCE (blows/foot)
Refer to the report text for a proper understanding of the =) o a 5 ) < | A Hammer Wt. & Drop: 140 Ibs / 30 inches
subsurface materials and drilling methods. The stratification a ; e °og a
lines indicated below represent the approximate boundaries 3 ) @ (O} ; @
between material types, and the transition may be gradual. o »n o 0 20 40 60
TOPSOIL Sz s
Y Yo%
ap BB
Medium dense, brown, silty, fine to medium 25 IR 1
SAND, trace of clay; wet; scattered iron-oxide
staining; (Qc) SM.
- - 6.5
Medium stiff, gray to red-brown, trace to
slightly sandy, silty CLAY; moist; scattered silt 7]
interbeds, scattered wet, fine sandy silt seams
with iron-oxide staining, laminated, scattered 90 &
organics; (Qvrl) CL. N n 10
L
Medium dense to dense, red-brown to brown, o 5
slightly silty to silty, sandy GRAVEL; wet; .u
scattered silt interbeds, scattered iron-oxide L Tl
staining; (Qc) GM/GP-GM. kS
14.0 [ 2]
Note: Blow counts may be artificially high due sl 15
to the presence of gravel. 16.0 ’;
Dense, brown, slightly fine sandy to fine sandy +H
SILT; wet; trace of coarse sand, non-plastic; e I ,
(Qvrl) ML. Y I
Medium stiff to stiff, gray and brown, slightly . é
sandy, clayey SILT, trace of fine gravel; moist 8§ 20 7 / 7 %////
to wet; scattered organics; (Qvrl) ML. § . ”' //// .
[vq
N ,//%;/,/%’/////// -
Gray to brown, sandy GRAVEL; wet; scattered e 4 e / /”/'// //
§ to abundant cobbles and boulders (based on ) g
& drill action); (Qc) GP. oq 25
- Granodiorite boulder from 23 to 24.9 feet, aSE / /
% UCS (Point Load) = 19,400 psi o@ ® /
3 <
é Ak %
gl - Diorite boulder from 28.5 to 29.7 feet, UCS e | ’/ 7
sl (Point Load) = 25,400 psi Nyt / / //
S CONTINUED NEXT SHEET 10
LEGEND 20 40 80 100
é *  Sample Not Recovered —[ED Piezometer Screen and Sand Filter &I RaD (%) Recovery (%)
El Il Rock Core N N Bentonite-Cement Grout ® ° Water Content . 1o at t0p)
8l T Standard Penetration Test BRI B Bentonite Chips/Pellets o Jyater ontent  =—(use scale at fop,
§‘I 3 Grab Sample VI Bentonite Grout Plastic Limit |—.—| Liquid Limit
Z Index Galena Flood Repairs Project
5 ¥  Ground Water Level in VWP Milepost 6.4 to 6.9
& NOTES Snohomish County, Washington
3 1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
§ 2. Groundwater level, if indicated above, is for the date specified and may vary.
§ 3. USCS designation is based on visual-manual classification and selected lab testing. LOG OF BOR'NG B-1 L
E 4. The hole location was measured from existing site features and should be considered
o approximate.
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